Abstract
Introduction
Effective prevention and management of chronic conditions is a high priority -chronic disease affects nearly 1 in 2 adults in the United States and accounts for 75% of our nation's health care costs (1, 2) . Efforts to reduce the burden of chronic disease have been fragmented, with different health care systems working independently to achieve outcomes (3).
Increased collaboration among different health care systems to prevent and manage chronic diseases has been recently prioritized (3) (4) (5) (6) . In 2012, for example, the Institute of Medicine (IOM) published a national report, Primary Care and Public Health: Exploring Integration to Improve Population Health, which recognized need and identified opportunities for health care to improve population health (3) . The Patient Protection and Affordable Care Act (ACA) emerged in the IOM's report as a key vehicle for health systems to achieve increased collaboration.
The Centers for Disease Control and Prevention (CDC) and the Public Health Accreditation Board (PHAB) have reinforced the vision for more unified chronic disease approaches across health care systems. Two of CDC's 4 key chronic disease practice domains call on public health to improve the services provided by health care systems (4) . Health care system collaboration is now required by PHAB for health departments' accreditation, and the movement toward collaborative chronic care continues to grow (5) .
However, despite the growing emphasis on these issues, few data are available on how the public health workforce has responded to the call for greater collaboration. The objective of our study is to bridge this gap by using a mixed methods study with 2 goals: 1) to explore the patterns and correlates of public health's collaboration with health care systems from the perspective of state public health practitioners, and 2) to compare practitioners' collaborations with those recommended by CDC.
Methods
During spring 2013, a national online survey was administered to state-level public health practitioners whose primary work was preventing and managing chronic diseases. Human subject approval was obtained from the Institutional Review Board of Washington University in St Louis.
State health department program managers and staff from all 50 states and the District of Columbia were invited to participate in the survey if they primarily worked in program areas of cancer, tobacco, physical activity, nutrition, obesity prevention, diabetes prevention, and cardiovascular health. Eligible invitees were identified by searching state health department websites and member lists obtained from partner organizations. Eligibility of invitees was verified by telephone as needed. A total of 1,169 eligible participants were invited to complete the survey through a personalized e-mail invitation. Respondents were offered a $20 Amazon.com gift card on completion of the survey.
Previous research and 5 rounds of advisory input from an international team were used to construct the initial survey instrument (7) (8) (9) . The survey was refined through cognitive response testing with 11 former chronic disease practitioners, and a reliability test-retest sample of 75 current state-level chronic disease practitioners was used to establish internal consistency among most of the 68 items included in the final survey (Cronbach's α ≥ .70). The final 15-minute survey was programmed into Qualtrics survey software (Qualtrics, LLC) for online administration. Further description of survey development and data collection are published elsewhere (9) , and a copy of the full questionnaire is available on request.
Measures
Although the survey's content was designed to explore a multitude of purposes, our study focused on characteristics of state health department practitioners and their program or work unit's collaborations with health care systems, their personal use of evidence-based decision making (EBDM), and their personal use of the US Preventive Services Task Force's Community Guide. Items used to assess these concepts are described below.
Characteristics of state health department practitioners were assessed through basic demographic questions, which included items such as age, sex, years worked in public health, and the main program area in which respondents worked. All respondents were asked to indicate their personal use of EBDM within their work by using a single item, with a 7-point Likert scale ranging from "strongly disagree" to "strongly agree." The concept of EBDM was defined for respondents as "prioritizing issues and implementing interventions based on sound science combined with community engagement, sound management, and evaluation" (10).
Respondents were asked to report their use of the Community Guide. Response options included "yes, often," "yes, sometimes," "no," and "I'm not familiar with the Community Guide."
Health care system collaboration, the primary outcome for our study, was assessed through 3 items. Respondents were asked, "Does your program or work unit collaborate with health care systems that include hospitals, outpatient clinics, and/or Federallyqualified health centers?" Response options included "yes," "no," and "I'm not sure." Respondents who selected "yes" were asked to indicate topic areas of collaboration activities from a provided list of options (Figure 1 ). Additionally, respondents who reported collaboration were asked to type an example of their collaborative work into a text box. Figure 1 . Self-reported topic areas for health care system collaboration (N = 759). Participants in a 2013 national survey of state health department chronic disease prevention staff who reported collaboration with health care systems were asked to indicate all topic areas of collaboration from a provided list. Percentages total more than 100% because participants could choose all topic areas that applied. Cancer prevention and control programs do not include cancer screening. "Other" areas commonly self-reported were maternal-child health, breast-feeding, cancer registry, and adolescent health.
Data analysis
Descriptive and multivariate analyses were conducted using IBM SPSS Statistics 21 to explore frequencies and associations with health care system collaboration. "Health care system collaboration," "use of EBDM," and "use of Community Guide" were recoded into binary variables. Significance was set at P < .05.
For multivariate analyses, differences in health care system collaboration were examined through bivariate analyses that used both survey data and state characteristics (11) (12) (13) , and the bivariate results were used to construct logistic regression models. Variables with moderate to high proportions of shared variance were not included in the model to reduce possible effects of multicollinearity (Pearson's r > .20). The final model included "program area," "use of EBDM," and "use of Community Guide" and met all model assumptions.
Qualitative methods were used to code common themes among respondents' health care collaboration examples. Common themes were grouped into 14 categories based on the Chronic Care Model, a 6-component framework that improves chronic care and associated health outcomes ( Figure 2 ) (14) . Two authors (L.E., R.J.) independently coded the 642 collaboration examples by using QSR NVivo 10 software (QSR International Pty Ltd) with high average inter-rater agreement (κ = .86). 
Results
We asked respondents to answer yes or no to the health care system collaboration survey item (Table 1) . Of the 759 (84.0%) respondents who indicated collaboration with health care systems, respondents with more years worked in their specific health agency, their current position, and generally in public health were more likely to report collaboration (P = .006, P = .02, P = .01, respectively). In contrast, collaboration did not differ by respondents' sex, age group, degree type (clinical vs nonclinical), or educational attainment.
A higher percentage (83%) of respondents who reported collaboration reported use of EBDM in their work and use of the Community Guide compared with those who did not report collaboration (P = .007 and P < .001, respectively). Health system collaboration was associated with the main program area in which respondents worked and was more often reported among those working across multiple program areas (28.6%), in cardiovascular health and diabetes (19.1%), or in cancer prevention and control (18.3%) compared with other areas (P < .001).
Bivariate analyses also indicated significant differences in health care collaboration by state characteristics. Respondents from states with higher chronic disease funding dollars per capita, lower can-PREVENTING CHRONIC DISEASE VOLUME 11, E152
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Self-reported topics of collaboration activities from the 759 respondents who reported collaboration are displayed in Figure 1 . Tobacco cessation was the most commonly reported topic area of collaboration (55.9%), followed by cardiovascular health (47.2%), cancer screening (44.0%), and diabetes management (43.1%). Common "other" responses included maternal-child health, breastfeeding, and cancer registry.
We grouped the 642 qualitative examples of self-reported collaboration by type of collaborative activity and health system settings ( Figure 2 ). Respondents most frequently reported collaborative work with community health centers (47.2%) and hospital systems (36.9%). Commonly mentioned collaborative activities were training providers and providing resources such as toolkits (49.5%), tobacco cessation services such as quitline referrals and support for cessation programs (48.9%), and general cancer screening services (40.2%). The least common collaboration activities mentioned included clinic-community linkages (6.7%), support for Patient-Centered Medical Homes (9.0%), and promotion of team-based care (eg, promotion of patient navigators) (12.9%). We list respondents' comments about these and other collaborations (Box). Accounting for multivariate associations, participants who used the Community Guide were 2.6 times as likely to report collaboration with health care systems as those who did not use the Community Guide ( used EBDM were twice as likely to report collaboration as those who did not use EBDM (P = .01). The association between collaboration and the main program area in which respondents worked remained robust after adjusting for use of EBDM and the Community Guide. Compared with those working in obesity, physical activity, or nutrition, participants working in cancer prevention and control were 11.9 times as likely to report collaboration (P < .001), and those working in cardiovascular health and diabetes were 14.5 times as likely to report collaboration with health systems (P < .001). Although bivariate results indicated significant associations between state characteristics and health care system collaboration, practitioners' likelihood of collaborating was not significantly influenced by state characteristics after adjusting for clustering effects by state membership.
Discussion
The 2012 IOM report highlighted a key challenge: few examples of successful collaborative care between public health and health care systems on a large scale are known (3). Our study aimed to address this challenge by collecting and analyzing a nationwide sample of state health department practitioners' collaborative efforts with health care systems to prevent and manage chronic disease. Our findings indicate that the public health workforce has responded to the call to action -most state health department practitioners in chronic disease prevention report that their work unit or program area collaborates with health care systems.
Standards set by CDC and PHAB may promote collaborations between public health and health care systems. Of the 4 practice domains in CDC's National Center for Chronic Disease Prevention and Health Promotion, 2 require public health's collaboration with health care systems. Domain 3 states that public health should improve the quality and accessibility of preventive services offered by health systems through use of health information technology, evidence-based chronic care delivery, and other interventions that align with the Community Guide (4). Domain 4, community-clinical linkages, encourages public health to facilitate cross-system referrals between clinics and communities to ensure that people who have or are at risk for chronic diseases have access to CDC-recommended programs and services to help prevent or manage their chronic conditions (4).
The PHAB echoes CDC's recommendations. The accreditation of health departments has been referred to as one of the most important initiatives in transforming the performance and practice of public health practitioners (15) . Twelve domains outline required actions for state health department accreditation. Domain 7 specifically requires health departments to link with health care systems through collaborative processes to improve health care systems' capacity and provision of preventive services (5).
In general, respondents mentioned types of collaboration activities recommended by CDC and PHAB. However, findings from this study indicate that state health departments may emphasize collaborations that focus on client-oriented services over changes to delivery and information systems. For example, respondents mentioned tobacco cessation and cancer screening services more frequently than electronic health records (EHRs) and referral systems.
Similar findings were published in a recent report of CDC's colorectal cancer screening programs. Hannon and colleagues found that state health departments funded to increase screening among underserved populations were more likely to use client-oriented interventions (eg, small media) than interventions involving system-wide procedures such as provider reminder and recall systems (16). They also found that most grantees (96%) worked with health systems on small media interventions, yet only 32% of grantees reported using automated provider reminder systems (16) . All of the 32% who successfully implemented provider reminders reported using EHRs. Grantees also noted difficulty in working with EHRs as a barrier to implementation of CDC-recommended interventions (16) .
Further exploration of the relationship between public health's implementation of evidence-based interventions and health care systems' EHR capacity may be useful. Although use of EHRs increases the number of preventive services offered in clinical settings and improves health outcomes, they are underutilized (17-21). Maylahn and colleagues recently recommended collaborations involving EHRs to help public health and health care systems achieve common goals (22) . More research is needed to identify collaborations that increase EHR capacity and implementation of recommended interventions.
Our study found that public health practitioners who reported use of the Community Guide and use of EBDM were significantly more likely to report collaboration with health care systems. Although the direction of the relationship cannot be determined from these cross-sectional data, our findings suggest that CDC's promotion of the Community Guide through grant funding and practice domains is valuable as a potential guide to collaborative work.
A twofold increase in health care system collaboration was found among practitioners who used EBDM, which warrants exploring how training programs that teach EBDM competencies might influence collaboration activities. Courses in evidence-based public PREVENTING CHRONIC DISEASE (23, 24) . Such courses may be used as training resources for collaborative activities.
Although no interactions were found between respondents' program area, use of the Community Guide, and use of EBDM, we found differences in respondents' likelihood to collaborate with health systems based on the main program area in which individuals worked. Program areas with more focus on secondary prevention (eg, cancer, tobacco cessation, cardiovascular health and diabetes) were more likely to collaborate across sectors. Some of these findings were expected. The Community Guide has more systematic guidance on clinically focused interventions for practitioners who work in secondary prevention compared with obesity, physical activity, and nutrition (25) . More work is needed to identify effective interventions and define how primary prevention programs can strengthen cross-sector collaborations.
Recommendations
Findings from this study support the need for better guidance on collaborations that support health system infrastructure, and for increased collaboration guidance for additional chronic disease program areas. Although we found that most state health departments collaborate with health care systems, much work remains to be done. Patients receive only about half of the recommended clinical preventive services in primary care settings (16, 26, 27) . Even with guidance from CDC and PHAB on evidence-based collaborative approaches, barriers inhibit state health departments' use of such approaches. Lack of funding remains a common barrier (7, 28) . A key purpose of the IOM report was to identify potential funding avenues for collaboration. The IOM highlighted the ACA as a pathway for funding. Although Title IV of the ACA contains the most direct public health prevention funding opportunities, several ACA provisions, such as Patient-Centered Medical Homes and Accountable Care Organizations, allow for public health to invest in clinical services that promote more comprehensive chronic care (29) . With combined efforts and leveraged resources, public health can work with health systems through these provisions to achieve common goals. In general, more research is needed to understand how state health departments use opportunities provided through the ACA to collaborate.
Results of collaborative work may guide future US collaborations. A scoping review from Canada on public health and health care collaboration validates benefits that include reduced hospital and emergency department use, improved chronic care delivery, increased identification of people at risk for chronic disease, and increased access to care (30). Such examples show that collaboration is both feasible and economically viable.
Because the survey was self-reported, we were unable to capture the quality and scope of responses and collaboration activities. For example, respondents were asked to report the collaboration of their program area or work unit, which makes it difficult to assess their personal involvement in collaborations. Self-reported survey data also make it difficult to delineate respondents' primary program area; some between program areas may overlap, depending on different state health department structures. Respondents were not given a thorough definition of "health care system collaboration," which may have caused interpretation inconsistencies among respondents. Lastly, the directionality of associations found cannot be determined because of the cross-sectional study design. Despite these limitations, our study contributes to the literature by identifying achievements and gaps in collaborations reported by a nationwide sample of public health practitioners and by providing next steps for collaboration guidance.
The increase in chronic diseases and the emphasis on collaboration from CDC and PHAB increase the likelihood that cross-sector efforts to prevent and manage chronic disease will grow. Systematic guidance is needed to identify collaboration activities that yield high public health impact and improved delivery systems for chronic care. Next steps may include comparisons of different types of cross-sector collaborations and their subsequent impact on system changes. Evaluation is also needed to better prioritize which types of collaboration activities should be the main focus of state health departments. Further research to fill the gaps identified by this study may help ensure that future collaborations result in improved systems, better care, and an overall reduced burden of chronic disease. 
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